cardioverter-defibrillators (ICDs) in patients with heart failure and left ventricular ejection fraction (LVEF) Ͻ35% has significantly improved survival (2) . However, the absolute benefit is relatively small (7.2% over 5 years). Because of the psychologic and economic burden as well as the potential for side effects, controversies exist concerning an approach of widespread primary prophylaxis with ICDs (3). Therefore, there is a need for better risk stratifiers (4) , as also recognized by the Centers for Medicare and Medicaid Services (CMS) (5) . A marker with a high negative predictive value (NPV) would be particularly useful to identify patients who are unlikely to benefit from ICD prophylaxis despite the presence of heart failure and left ventricular dysfunction.
Among patients with prior myocardial infarction and LVEF Յ30%, T-wave alternans (TWA) may identify patients who are likely and not likely to benefit from ICD therapy (6) . There are limited and conflicting data regarding the prognostic value of TWA in patients with heart failure due to nonischemic cardiomyopathy (7) (8) (9) (10) (11) (12) (13) , a setting in which the search for reliable risk stratifiers has been particularly frustrating (14, 15) .
Accordingly, we designed and conducted a multicenter, prospective, longitudinal, observational study to assess the capability of TWA to predict cardiac death and lifethreatening arrhythmias among consecutive patients with New York Heart Association (NYHA) functional class II and III heart failure due to nonischemic cardiomyopathy and LVEF Յ40%.
Methods

Patient selection.
Every patient seen at the heart failure clinics of the 9 participating Italian hospitals during the period of enrollment was screened for eligibility for the study. The design of the study has been previously published (16) . The study was approved by the ethical committees of each participating center. Overall, 3,513 patients were screened and constitute the ALPHA (T-Wave Alternans in Patients With Heart Failure) registry, a source of potentially useful epidemiologic data (17) . Among these patients, main noneligibility criteria (more than 1 could be present) were: other etiology, mainly ischemic, of the cardiomyopathy (n ϭ 1,608); presence of atrial fibrillation or flutter at the time of screening (n ϭ 778); LVEF Ͼ40% (n ϭ 719); NYHA functional class I or IV (n ϭ 545); age Ͻ18 or Ͼ80 years (n ϭ 134); the presence of an implanted pacemaker or ICD (n ϭ 373); and a history of cardiac arrest, sustained ventricular tachycardia, or syncope, or a clear-cut indication for ICD implantation (mostly class I indications following the guidelines active at the time of patient enrollment, such as secondary prevention) (n ϭ 65). Logistical reasons prevented enrollment 42 patients, and 46 refused written informed consent to the study. Compared with enrolled patients, eligible but not enrolled patients (n ϭ 88) had the same age (59. Careful skin preparation and high-resolution electrodes were used to minimize noise. Electrocardiographic leads were placed at the standard 12-lead positions and in an orthogonal X, Y, and Z configuration. Measurements were made with a CH2000 or Heartwave system (Cambridge Heart, Bedford, Massachusetts) and used a spectral method of analysis designed to allow detection of alternans in the microvolt range of amplitude (18) . The TWA test was automatically interpreted within the CH2000 or Heartwave system by the Alternans Report Classifier (version D10 used in all centers; Cambridge Heart) and classified according to previously described criteria (19) . This classification was done locally in each center. An expert in TWA classification was present during the first 5 tests in each center and was available thereafter as external support to facilitate the learning curve and to ensure uniformity throughout the different centers. The expert was always blinded to patient characteristics. The original protocol designed in the year 2000 planned to compare positive and negative TWA tests. However, studies published during the enrollment phase of the present trial revealed that positive and indeterminate TWA tests have similar event rates, suggesting that they should be grouped together as abnormal tests and be compared with normal (negative) TWA tests (19 -21 Salerno-Uriarte et al. November 6, 2007 November 6, :1896 T-Wave Alternans in Heart Failure Therefore, before the study was closed, the steering committee decided to make all comparisons between patients with abnormal and patients with normal TWA tests, an approach that has been adopted in all recent studies (22, 23 (25) . The prognostic role of TWA was assessed for the combined primary end point of cardiac death and lifethreatening ventricular arrhythmias (ventricular fibrillation, resuscitated cardiac arrest, and sustained ventricular tachycardia either symptomatic or revealed by a subsequently implanted device).
The prognostic role of TWA was also assessed for the following secondary end points: 1) total mortality; 2) a combined end point of arrhythmic death and life-threatening arrhythmias; and 3) hospitalization rate. Statistical analysis. Data were described as mean and standard deviation for continuous variables and as count and percentage for categoric variables. Median follow-up and its 25th to 75th percentile (interquartile) range was calculated with the inverse Kaplan-Meier method (26) . Baseline characteristics (Table 1) were compared between TWA groups by means of general linear models.
For each TWA group, we computed the rates of events per 100 person-years, together with their 95% confidence intervals (CIs) and the Kaplan-Meier cumulative event-free survival. We used the log-rank test to compare groups and fitted a Cox model to estimate hazard ratios (HRs) and 95% CIs for the prognostic role of TWA. We computed the unadjusted HR and the HR adjusted for age, gender, NYHA functional class, and LVEF in a multivariable analysis. The proportional hazards assumption was tested by means of Schoenfeld residuals (27) . The assumption was satisfied in all cases (p Ͼ 0.05). To account for all of the baseline characteristics differing between TWA groups with a p value of 0.10 or less (age; gender; NYHA functional class; LVEF; left ventricular end-systolic volume; use of beta-blockers, angiotensin-converting enzyme [ACE] inhibitors aldosterone antagonists, or digoxin; QRS duration Ͼ120 ms; presence of left bundle branch block; and quality of life), data reduction was performed by means of factor analysis (using the principal components method), and the first 3 factors were included in the model together with TWA. We calculated the NPV and positive predictive value (PPV) of the TWA test for the prediction of events at 12 and 18 months. We compared rates of hospitalization by means of a Poisson model for counts and computed the incidence rate ratios and 95% CI to quantify the association.
All tests were 2 sided. A p value of Ͻ0.05 was used for statistical significance. Stata 9 (StataCorp, College Station, Texas) was used for computation.
Results
Baseline characteristics. Among the 446 patients enrolled, 154 (34.6%) had negative, 200 (44.8%) positive, and 92 (20.6%) indeterminate TWA tests. Causes of indeterminate tests included frequent ventricular arrhythmia (13%), noise (5%), and inadequate heart rate levels (5%). In case of a heart rate level lower than needed in the first test, the suggestion was made to perform a second TWA test to reduce the number of indeterminate tests. Baseline characteristics of the overall population and of the 154 normal and 292 abnormal (positive ϩ indeterminate) TWA patients are summarized in Table 1 . Patients with abnormal TWA tests were 2.5 years older, had a worse quality of life, and were more frequently in NYHA functional class III. They also showed larger left chamber sizes and lower LVEF. However, the cardiopulmonary test, available in 70% of the cohort, yielded comparable results in the 2 groups for both maximal exercise O 2 consumption and Weber classification. Concerning pharmacologic therapy, digitalis and ACE inhibitors were administered more frequently in the abnormal TWA test group. Events during follow-up. Follow-up was completed in 100% of the patients. The main events occurring during the median follow-up of 19 months (interquartile range 18 to 20 months) are listed in Table 2 . Table 3 shows the rates of the end points occurring in the overall population and the HRs associated with an abnormal TWA test, as well as the NPV and PPV of the test. The primary end point (cardiac death ϩ life-threatening arrhythmia) was reached in 29 of 292 patients (9.9%) from the abnormal and 4 of 154 patients (2.6%) from the normal TWA test group (Fig. 1) . In the Cox model, the unadjusted HR for the primary end point was 4.01 (95% CI 1.41 to 11.41; p ϭ 0.002). In a multivariable analysis, the HR adjusted for age, gender, NYHA functional class, and LVEF was 3.21 (95% CI 1.12 to 9.22; p ϭ 0.013) and the HR adjusted for digoxin, ACE inhibitor, aldosterone antagonist, and beta-blocker treatment was 4.23 (95% CI 1.46 to 12.21; p ϭ 0.0018). In the data reduction model that accounted for: age; gender; NYHA functional class; LVEF; left ventricular end-systolic volume; use of beta-blockers, ACE inhibitors, aldosterone antagonists, or digoxin; QRS duration Ͼ120 ms; presence of left bundle branch block; and quality of life, the HR for TWA was 3.98 (95% CI 1.20 to 13.27; p ϭ 0.008).
The NPV of a normal TWA test at 12 and 18 months exceeded 97% (Table 3) . A significantly increased risk was also found when comparing patients with a positive versus patients with a negative TWA test, with an HR of 3.16 (95% CI 1.06 to 9.45; p ϭ 0.023).
At the time of screening, patients were evaluated for eligibility for a biventricular device. The indication for a biventricular device was given independently, in most cases before the TWA test, and was based on the presence of advanced NYHA functional class and wide QRS. Overall, 31 patients were considered to be candidates for cardiac Baseline Characteristics According to TWA Testing Values in parentheses are standard deviations for continuous variables or percentages for discrete variables. ACE ϭ angiotensin-converting enzyme; BMI ϭ body mass index; DBP ϭ diastolic blood pressure; Hb ϭ hemoglobin; HF ϭ heart failure; IVCD ϭ intraventricular conduction delay; LA ϭ left atrium; LBBB ϭ left bundle branch block; LVEDD ϭ left ventricular end-diastolic diameter; LVEDV ϭ left ventricular end-diastolic volume; LVEF ϭ left ventricular ejection fraction; LVESD ϭ left ventricular end-systolic diameter; LVESV ϭ left ventricular end-systolic volume; NYHA ϭ New York Heart Association; Plt ϭ platelets; QOL ϭ Living With Heart Failure quality of life questionnaire; RBBB ϭ right bundle branch block; SBP ϭ systolic blood pressure; TWA ϭ T-wave alternans; VO 2 ϭ oxygen uptake. The imbalance in the proportion of patients with an implanted device in the abnormal TWA test group may have led to a slight overestimation of the rate of events in this group. Accordingly, we performed a sensitivity analysis of the primary end point by dropping the 4 events identified through the device (all in the abnormal TWA test group). The event rate in this group decreased from 6.5 to 5.7 (95% CI 3.8 to 8.4), and the corresponding HR with respect to patients with normal TWA tests decreased from 4.00 to 3.44 (95% CI 1.20 to 9.90; p ϭ 0.008), still denoting a significant excess risk in the abnormal TWA test group. An analysis was also performed dropping all patients with an implanted biventricular device; the HR associated with an abnormal TWA test was found to be 3.43 (95% CI 1.19 to 9.92; p ϭ 0.009). Finally, an analysis was performed excluding the 5 cases of indeterminate TWA tests because of noise; the HR associated with an abnormal TWA test was found to be 3.93 (95% CI 1.38 to 11.21; p ϭ 0.010).
Results of the secondary end points are consistent with those of the primary end point and show a significant increase in risk in the abnormal TWA test group for both event-free survival curves (Fig. 2) . Negative predictive values between 99.3% and 98% were found at 12 and 18 months, for both total mortality and arrhythmic death ϩ life-threatening arrhythmias. On the other hand, the rate of hospitalization tended to be higher in the abnormal TWA test group, but the difference did not reach statistical significance.
Positive predictive values were relatively low (6.5% and 9.0% for the primary end point at 12 and 18 months) (Table  3) , slightly increasing to 7.9 and 10.9 at 12 and 18 months, respectively, among patients with LVEF Յ35%.
No significant interaction was found between TWA prediction and either QRS duration or LVEF. Specifically, the predictive role of the TWA test was only marginally influenced by the presence of QRS enlargement. The NPV Events During Follow-Up for a normal TWA test relative to the primary end point of the study at 12 months was 99% among patients with a QRS duration Յ120 ms and 98.3% among patients with a QRS duration Ͼ120 ms. Conversely, the PPV for the same end point was 5.6 and 7.7 among patients with QRS durations Յ120 and Ͼ120 ms, respectively. Because recent guidelines advocate ICD implantation for heart failure patients with LVEF Յ35%, we assessed the predictive role of TWA in this subgroup of patients (n ϭ 339). Within this group of patients, the event rates of the primary end point were 8.1 (95% CI 5.6 to 11.6) per 100 person-years among patients with abnormal TWA tests and 1.9 (95% CI 0.6 to 5.9) per 100 person-years among patients with normal TWA tests. The unadjusted and adjusted HRs associated with an abnormal TWA test were, respectively, 4.28 (95% CI 1.30 to 14.05; p ϭ 0.004) and 3.91 (95% CI 1.18 to 12.90, p ϭ 0.025), and the NPVs at 12 montsh and 18 months were, respectively, 99.0% (95% CI 94.4 to 100) and 96.8% (95% CI 91.0 to 99.3).
Discussion
The present study aimed to assess the capability of TWA to predict cardiac death and life-threatening arrhythmias among patients with NYHA functional class II and III heart failure due to nonischemic cardiomyopathy and LVEF Յ40%. The presence of an abnormal TWA test was associated with an increased risk of death and arrhythmic events, and the test allowed identification of a large group of patients who have an excellent prognosis and are unlikely to benefit from ICD prophylaxis despite the presence of heart failure and left ventricular dysfunction.
There is a great need to stratify patients at risk for sudden cardiac death, especially among patients with nonischemic cardiomyopathy (3) (4) (5) . The American College of Cardiology/American Heart Association/European Society of Cardiology 2006 guideline for management of patients with ventricular arrhythmias and prevention of sudden cardiac death (4) suggests for the first time that the use of TWA is reasonable for risk stratification of patients who are at risk for developing life-threatening ventricular arrhythmias. The recommendation is classified as class IIa, indicating the presence of not completely conclusive data and some conflicting evidence.
The favorable evidence derives mostly from patients with ischemic cardiomyopathy (6, 23, 29) . However, the mechanisms of arrhythmias in patients with nonischemic heart failure (30, 31) Salerno-Uriarte et al. November 6, 2007 November 6, :1896 T-Wave Alternans in Heart Failure pears to provide prognostic information in patients with a previous myocardial infarction (25,28 -34) but not in patients with nonischemic cardiomyopathy (5, 35) . Data on a predictive role of TWA in patients with nonischemic cardiomyopathy are relatively limited and present conflicting evidence. Klingenheben et al. (7) studied 107 patients with heart failure (40 nonischemic) and LVEF Ͻ45%. Arrhythmic end points occurred in 11 of 52 patients with positive, 2 of 22 patients with indeterminate, and 0 of 33 patients with negative TWA tests (p Ͻ 0.005). Kitamura et al. (9) studied 104 patients and Hohnloser et al. (10) 137 patients with nonischemic cardiomyopathy. In both reports, data showed a significant predictive power of TWA for arrhythmic events. Nevertheless, some limitations were present in both reports; in the first study, no LVEF cutoff was selected and patients were not treated at baseline with beta-blockers or ACE inhibitors, and in the second, 37 of 137 patients (27%) were already implanted with an ICD, mostly because of previous cardiac arrest or documented ventricular tachycardia.
Grimm et al. (11) studied 263 patients with nonischemic cardiomyopathy, a mean age of 48 years, and LVEF of 30%, and mostly in NYHA functional classes II and III. Fifty percent of the patients were on beta-blockers at the time of entry, but the drug was withheld before the TWA test in almost all of the patients. During the 52-month follow-up, arrhythmic events occurred in 18 of 137 patients (13%) with positive, 13 of 54 patients (24%) with indeterminate, and 7 of 72 patients (10%) with negative TWA tests. On multivariate analysis, only LVEF was a predictor of arrhythmic events and TWA was not. Potential limitations of the study are the beta-blocker withdrawal before the test, their nonuniform use during the follow-up period, and the loss of a considerable number of patients to cardiac transplantation. Also, positive and indeterminate TWA tests were analyzed separately, rather than together as suggested by the most recent studies (19 -23) .
Finally, the recent study by Bloomfield et al. (22) included 282 nonischemic patients. The patients had an LVEF Ͻ40%, and almost two-thirds were in NYHA functional classes II and III. Over a 16-month follow-up, 8.6% of the patients with abnormal TWA tests died compared with 0% of patients with normal TWA tests.
We believe the present data contribute significantly to this area of study. First, the study represents the largest population studied so far. Second, unlike all previous studies, only patients in NYHA functional classes II and III were enrolled, mirroring class I candidates for ICD implantation proposed by the recent guideline (4). Finally, consecutive patients were prospectively enrolled, thus minimizing the risk of selection bias present in previous studies.
We found that patients with abnormal TWA tests had a 3-to 6-fold higher likelihood of all-cause mortality and arrhythmic end points. This also occurred after adjusting for baseline confounding variables as well as omitting from the analysis the arrhythmic end points revealed by the implanted device to control for this potential bias.
More importantly, patients with normal TWA tests had an extremely good outcome, with a 1.2 annual mortality rate and a 0.8 annual rate of arrhythmic death ϩ life-threatening arrhythmia. After 18 months' follow-up, the rate of cardiac death ϩ life-threatening arrhythmias, total mortality, or arrhythmic death ϩ life-threatening arrhythmias ranged from 2.7% to 1.4%. Accordingly, the NPVs ranged from 97.3% to 98.6%.
Given the potential complications and adverse effects related to ICDs (36 -39) , as well as the costs of ICD therapy, the present data suggest that a normal TWA test is useful in identifying individuals who are unlikely to benefit from ICD implantation.
The PPV of the test was relatively low, as expected (9% for the primary end point over 18 months); it increased modestly when combined with other variables (10.3% among patients with QRS Ͼ120 ms and 10.9% among patients with LVEF Յ35%). Study limitations. As in all studies evaluating TWA, we could not include patients with atrial fibrillation. However, these patients are known to be at higher risk compared with patients in sinus rhythm (31) , and the NPV of any prognostic test would be weaker.
Less than one-half of the deaths observed during the study were sudden arrhythmic, and the overall event rate was relatively low. For instance, the 1-year all-cause mortality rate we observed (4.2%) was lower than that (6.2%) found in the conventional treatment arm of the DEFINITE (Defibrillators in Nonischemic Cardiomyopathy Treatment Evaluation) trial (40) . Three main differences in the patient population are likely to underlie this apparent discrepancy. First, the upper cutoff value for LVEF was 35% for the DEFINITE trial and 40% for the present trial, and the average LVEFs were 21.4% and 29.5%, respectively. Second, the presence of ambient arrhythmias was required for enrollment in the DEFINITE trial. Third, 24.5% of patients in the DEFINITE trial had atrial fibrillation, a condition associated with a worse prognosis, as mentioned in the preceding text (31) . Conversely, Bloomfield et al. (22) , similarly to the present study, excluded patients with atrial fibrillation and patients with LVEF Ͼ40%. They reported a 2-year combined event rate of all-cause mortality ϩ nonfatal sustained ventricular arrhythmias in the nonischemic population of 8.9% (compared with 10.2% in the present study).
Therefore, the event rate of the present study is not lower than that reported by the most recent studies when the different patient populations are taken into account. Also, because we enrolled consecutive unselected patients, at variance with clinical trials, we believe the conclusions reached in the present study can be reliably transferred to clinical practice. It is important to point out that higher event rates would lead to lower NPVs. For instance, in case of a 47% greater 1-year mortality, as observed in the DEFINITE study, the corresponding NPV would decrease from 99.3% to 99.0%, which is still a rather high value. Similarly, the NPV among the subgroup of patients with LVEF Յ35% was also found to be high.
Finally, the predictive value was only assessed over the 18-month minimum follow-up period. Future studies will need to evaluate whether TWA testing should be repeated to allow dynamic risk assessment.
Conclusions
The present study assessed the prognostic capability of TWA among patients with NYHA functional class II and III heart failure due to nonischemic cardiomyopathy and LVEF Յ40%. An abnormal TWA test was associated with a 4-fold higher risk of cardiac death ϩ life-threatening ventricular arrhythmias over an 18-month follow-up. Clinical implications. The most important clinical implications derive from the finding that patients with a normal TWA test appear to have a very good prognosis, as shown by the high NPV of the test. Although additional confirmatory studies are needed before advocating a change in the current treatment guidelines, the results of the present study suggest that TWA may be effectively used to identify a subgroup of patients who are likely to have little benefit from ICD therapy despite heart failure and left ventricular dysfunction.
